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MaoGpeTeHne othcxjmtcji k o6jiacTM 
aBTOMaTMHecKoro onTMManbHoro perynMpoBaHun 
npouecca ymyGneHUfl cKBa>KMH m MOKer 6biTb 
McnoJib30BaHO Anfl npomoanpoBaHMH 
onrnManbHbix sHaMeHUM noKaaaie/iet^ pa6oTbi 
flonora npn paaOypuBaHUM HeoAHOpoAHbix no 
6ypMMOCTM nnacTOB. 

Uenbio npeAnaraeMoro M3o5peTeHM« 
flBnneTC« noBbiujeHne 3c{Kt)eKrMBHocTn 
npoL^ecx^ 6ypeHHfl b HeoAHopoAHbix no 
©ypuMQCTM anacrax nyrewi noBwrneHna 
TOMHOCT14 onpeAeJieHkifl MOMeHia noA'beMa 
Aonora vi oneparuiBHOCTM KoppeKTbipoBaHkin 
onTMManbHbix napaMeTpoB pe^KkiMa 6ypeHviR. 

Ha ct)Mr. 1 n3o6pa>KeHa cipyiaypHaa cxewa 
ycrpoMCTsa. peariHayiou^ero A3HHbiii cnoco6 
peryjiMposaHMn npouecca 6ypeHviA; Ha ct>Mr.2 
npeAcraBneHa BpeiMeHHan Ai^arpauMa 
H3MeHeHMn cKopocTui npoxoAKM B peitce, 
noncHfliou^a^i npuiHi^Mn pa6oTbi aA^^Ta^MOHHOi;4 

M3MepifreJ1bHO-OnTMMM3aL^MOHHOM CMCreMbl 

peryjiMpoBaHMfi npoi^eoca MexaHimecKoro 
6ypeHVifl no ASHHOMy cnoco6y. 

RpeAnaraeMbif^ cnooo6 peryjiiipoBaHM$i 
npot^ecca MexaHMMecKoro 6ypeHiifi peajinayeTcn 
ycrpoi^cTBOM. coAep>KaLAViM saAarMMioi HarpyaKH 
Ha AonoTO 1 . MacTOTbi ero Bpau^eHun 2, pacxoAa 
©ypoBoro pacTBopa 3, a9tmmk 4 MexaHMHecKoro 
KapoTa)Ka. ycTpottoTBO 5 conpn^eHM^t. 
aHanoro-L^MCppoBOi) npeo6pa30BaTejib 6. 
ynpaBJifiiou^afl BbiMMcnkiTenbHan Maiui^na 7, 
nep\A(t)ejpvi]AHue ycTpo£^CTBa 8 BBOA^-BblBOA^. 
i^M€t>poaHanoroBbii4 npeoOpaaoBaTenb (UAD) 9, 
ycTpoi^cTBO 10 ynpaBJieHMfl peryji^iropaMM 
(yyP), noKanbHbie aBTOMaTMHecKne perynnropbi 
(JIAP) 11, kicnojiHMTejibHbie wexaHMSMbi (HM) 
12. 

l/tcxoAHbtMM AaHHbiMM Ann peiueHMn 
nocTaBJieHHof^ aaAa^M peryriMpoBaHMR 
npoL^ecca Oypenkin nanfiiOTCA: 

npoAOJDKMTenbHOCTb pa6oT, ne bxoahimhx b 
MexaHMHecKoe 6ypeHi4e (tp o). onpeAeTineMan M3 
aaBHCMMocTM tpo f(L). nocrpoeHHoR nyreM 
CTaTMCTMMecKoC^ o6pa6oTKM 6anaHca 
KajieHAapHoro BpeueHki ^ypenm CKBa>Kt«iH Ha 
AaHHof^ njioi4aAM mjim ooceAHHx njioLi;aAnx e 

SaBMCMMOCTM OT rny6viHbl CKBaXOIHbl L; 

OTHOUJeHiie C CTOklMOCTM AOilOTa K 



CTOMMOCT11 Maca paOoTbi 6ypOBoii ycTanoBKM. 
CTOMMOCTb Aonora (C^i) n CTOMMOCTb Maca 
pa6oTbi 6ypoBo() ycraHOBKH (Cm) npMHMMaiOTCfi 
comacHo Ae^cTByioLi^eMy "flpeC^cKypaHTy 
nopa^oHHbix paci^eHOK na crpoMTe/ibCTBO 
Hect)TnHbix VI raaoBbix cKBaaoAH" mjim 
paccHkiTbiBaeTCfl no HopMaM AencTByiou^ero 
"CnpaBOMHMKa yKpynneHnbix CMerHbix HopM na 
crpoMTenbCTBO He4>TflHbix M raaoBbix CKBa^KMH"; 

npoeKTHbie 3HaMeHiin napaMerpoB pe>KMMa 
6ypeHMn: narpyaKM Ha aojioto (G np). MacroTbi 
Bpaii\eHMfl CTOJia poTopa (n np). pacxoAa 
6ypoBoro pacTBopa (Qnp). KOTopbie ©epyr na 
reonoro-TexHMMecKoro napsiAa (*~^H). 
HBnnKDmerocfl cocTaBHOM nacTbio 
onTHMnanpoBaHHoro TexHkmecKoro nposKra na 
6ypeHMe CKsajKUHbi; 

orpaHMHeHMfl SHaMeHMfl napaMerpoa pe>KViMa 
6ypeHMn G. nQ (HM>KHiie rpaHHi^bi G n^"\ 
Q<">. BepxHMe rpaHumbi G<^\ n(°>, Q(^>) 

npHHMMaiOTCSI. MCXOAfl M3 TeXHIiMeCKMX ' 

BOSMoxcHcx^Tei^ npMMeHReMoro 6ypoBoro 
o6opyAPBaHMn h TexHononmecKoa 
uesnecoo6pa3HOCTii ; 
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aaAaHHoe spewn 6ypeHHfl (t np.a). 3a 
KOTopoe ocyii^ecTBn«eTcn CTaTHCTHHecKoe 
nporHosMpoBaHne MoweHTa noAi^ewa Aonoxa, 
npuHMMaeMoro na rexHOJiornMecKnx 
coo6pa>KeHHvi (nanpuMep. paBHoe 2/3 
npoeKTHoro BpeiweHM 6ypeHMfl tp. aajioKeHHoro 
B fTH, T.e. 

3 

my6nHa cKBa^KUHbi (Zh) Ha Hanano 
MexaHnnecKoro 6ypeHHfl b pac^cMarpuBaeMOM 
peC^ce AO-nora. 

C noMOiMbK) saAaTMUKOB 1, 2, 3 nepeA 
HaManoM wexaHMHecKoro 6ypeHMfl 
onepaTop-6ypnnbinviK aaAaei npoeKTHbie 
ycTanoBKvi napaMerpoe pe)ioiMa 6ypeHMn: 

G np. "np. Qip- 

Cumanbi or aaAaxMUKOB Mepea ycrpoi^cTBO 5 
conpn;KeHM5i ALjn 6 m MHTepc})eP^c CBJiaii c 
o6-beKTOM BBOAflTcfl B onepaiMBHyK) nawflTb 
03y ynpaBJiflKDLMeCi BbiHucnmejibHOM MaiukiHbi 
YBM 7. B cjiyMae npsiMoro i4MctDpoBoro 
peryjiMpoBanvin npoeiaHbie ycraBKVi napaivteTpoB 
^np. nr^> Qip BBOA^iTcn B OSY Hepea kiHTepct>ekic 
BBOAa-BbiBOAa c noMOLAbio nepMclDepvik^Hbix 
ycTpo^cTB 8 BBOAa-BbtBOAa iiHctxDpMaqMM. B 
KanecTBe VBM 7 Moxer 6biTb McnoxibaoBana 
jiio6an MHHM- HJ1M MMKpo-SBM, co6paHHa$) kia 
CTaHAdpTHbix 6J10K0B noAXOA^u^ei^ 
KOH4>virypauiiii n TexHMMecKMx xapaiaepiiCTviK. 

3sM^HMe BpeMeHM CTaTHCTMMecKoro 
npomoauipoBaHMH MOMeHra noAi^eua Aonora 
An5) aaMeHbi (tnp.3) npoAomoiTenbHOCTM pa6oT. 
He BXOAnLUMX b MexankmecKoe OypeHkie (tpo). 
HVDKHiix BepxHvix ppaHML^ Ha napaMerpbi G. n, 

Q, OTHOLUeHMW CTOMMOCTM AOJlOTa K CTOMMOCTM 

naca pa6oTbi 6ypoBoJ^ ycTasKH (Cfl/C^) h 
my6nHbi cKBa>KMHb! Ha Hawajio wexaHUMecKoro 
6ypeHHfl (L n) npoMaBOAmca c noMOiAbio 
nepM^jepMMHbix ycTpoftcTB BBOAa-BbiBOAa 
HHct)opMaumi. cumanbi or Koropbix nociynaioT b 
onepaTMBHyio naiwinTb m npoi4eccop YBM. 
HenpepbiBHan HHAHKai^nfl TSKyii^MX anaMenHi^ 
TexHonomMecKMX napaiy/ierpoB, perMCTpai4Hfl mx 
MaMeHSHiiPi 14 anaMeHkiii BBOA^ivtbtx napaMerpoB 
nponaBOAHTCfl c noMoinbio nepucjjepuMHbix 

ycrpOMCTB 8 BBOAa-BblBOAa MH4)OpMaL4MM. 

Cumanbi AaiMUKa 4 MexaHMMecKoro 
KapoTaxa. HMeHDii^ero acuHxpoHHyio cBfiab c 
YBM, npeoOpaaoBbiBaJOTCW b Heo6xoAHMbiM An« 
HenocpeACTBeHHoi^ o6pa6oTKM bha m nepea 
MHTepcpewc csnan c o6iseKTOM nocrynaioT b 
npoi4eccop YBM. KOTopwii o6pa6aTbiBaeT mx c 
yMSTOM aapanee ycraHOBneHHOM cucTewbi 
npiiopMTeTOB. 

HaMeHCHne peanbHoro BpeweHU 
MexaHMMBCKoro 6ypeHHfl npoMSBOAHTcn c 
noMoi4bio aneicrpoHHbix MacoB (raMMepa). 
BcrpoeHHbix B YBM. 

noAAep>KaHMe aaASHHbix npoeKTHbJX nnn 
onTMManbHbix anaMeHUi^ napawieTpoB G, n, Q e 
npoL^ecce wexaHMHecKoro 6ypeHMfl 
nponaBOAHTCfl c nowoinbio JTAP 11 m HM 12, na 

BXOAbi KOTOpbOC nOA3IOTC« CMmaHbl. 

cooTBeTCTByioLi^iie Heo6xoAHMbiM aHaneHMRM 
napaweTpoB G. n, Q. 

npoueccop YBM 7 no nporpaMMaM. 
peani43yioi4biM HM>KenpiiBeAeHHbie anropHTMbt 
ynpaBneHMf? npoi^eccoM 6ypeHMH, 
ycTanaBniiBaeT rpannubi cweHbi 6yptiMocTM 
nnacTOB nopoA. Ann Ka>KAoro nnacTa 
OAMHaKOBOM 6ypHMOCTM onpeAenneT 
onTMMajibHbie 3HaMeHMSi napaMerpoB G am* 
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n om. Qonr. ^ ncreMeHnn saAaHHoro BpeweHu 
CTaTHCTunecKoro npomoaHpoBaHnfl MoweHra 
noA^^ewa Aonora onpepjen^iej nyreM 
CTaTMCTMMecKoro npomosMpoaaHMfl MOiwieHT 
noflbeMa Aonora An^i aaMeHbi t onr. a 3aTeM 
yTOMHnei ero ^ » npn bxoa© b hobbim nnacr 
onr 

OAVIHaKOBOM 6ypi^IVIOCTV1. 

C BbsOCOAa npoL^eccopa VBM Ai^cKpeTHbie 
ynpaBJinioiMiie cumanbi nepea MHTepc^enc cBnsM 
c o6-beKTOM nocTynaioT Ha bxoa MAR 9. C 
BbixoA^ LtAPI aHanoroBbie ynpasnnKDii^vie 
cuma/ibi noAaioTcw Ha bxoa WP 10. KOTopoe 
ycwnMBaer cumanbi m noA3eT mx na exoAbi /TAP 
MjiM MM B cnynae npnMoro L^ncJjpoBoro 
peryntipOBaHMn. 

noonepai^MOHHO cnoco6 ocyLnecTsnneTCfi 
cneAyiou^MM o6pa30M. 

riepeA HaManoM MexaHMHecKoro 6ypeHM« 
onepaTop-6ypnjibmviK nocpeACtBOM 
nepucfjepuP^Hbix ycrpoi^CTB 8 BBOAa-BbiBOAa 

MHC}K>pMaL^MM, BXOAUT B OnepaTMBHyjO naMflTb 

YBM 7 MCXOAHbie Aannwe: {po, L„, C^C^, 
tnp.3, G<"). n<">, Q<"\ G(^\ n^^), Q<^>. 

npoeKTHbie 3HaMeHMfl napaMeipoa G np. 

"np. Qnp BBOAflTCn B nSMHTb VBM OT 

3aA9TMiiKOB 1. 2, 3 VBM mvi nocpeACTBOM 
nepHcpepuf^Hbix ycrpoi^cTB BBOAa-BbtBOAa b 
cnynae npnMoro i^i'i^poBoro peryjikipoBaHHn. 
Bee BBOAMMbie BejikiHMHbi pemcTpkipyiOTc;! c 
noMOLAbio ycTpoi^cTB 8. 

ripouecx) MexaHMHecKoro 6ypeHH$i 
HaMkiHaeTC5i npii npoeKTHUx anaMeHi^nx 
napawerpoB pe>KMMa 6ypeHMfl G np. Hnp, Qnp. 
noAAep)KiiBaeMbix nocTOflHHbiMM na aaAannoM 
nocpeACTBOM aaA^THHKOB 1, 2. 3 ypoBHe c 
noMOiAbJO JIAP 1 1 , B KOTopbift BxoAflT aBTOiwiar 
Aonora (noAAep>Ki^Baiou^Hft G const), aBTOMaru 
noAflepjKMBaHMfl nocronHHbix SHaMeHUM MacroTbi 
BpameHMfl pOTopa (n const) m pacxoAa CypOBoro 
pacTBOpa (Q const). 

HenpepbiBHo c nocronHHbiM luaroM 
(HanpuMep, hk 0,3 m) npoM3BOAMTCH 
MexaHMHSCKUii;^ KapoTa>K. Ta^Mep VBM 7 no 
cMmajiaM AQTM^Ka wexaHMMecKoro Kapora^Ka 4. 

nOABBaeMbtM aCt/IHXpOHHO C HaHBUCtUMM 
npHOpHTBTOM B YBM. Ct)MKCMpyeT Ik MMCTOe 

BpsMfl, aaTpaMGHHoe Ha pasOypuBaHkie 
MHTepBana, cooTBercTByioiAero luary KsporsoKa 
\. OnpeAennercfl cpeAHSfl sa tuar 
MexaHUMecKoro KapoTOKa CKopocTb npoxoAKvi 
VcK** (m/m) (1) m SHaHeHMfl Vc.K nenpepbiBHO 



HaicanjiMBaiOTCfl b onepaTHBHOM naMnm YBM. 

nocne HaKonneHM^ I anaMeHHi) 
V C.K (Hanpuwep, I ^ 6) ohm annpoKCHMnpyioTCJi 
SKcnoHenmiajibHOM aaBUCMMOcrbio 

Vi Vo 1^* (2) TAB TpeHA MSMeHeHun 
MexaHMMecKoi^ CKOpOCTM npoxoAKM BO BpeMd 
6ypeHMfl. m/m; 

Vo HaMBJibHan cKopocTb npoxoAKM npM t 0, 
m/m; 

6 noKaaare/ib reMna MSMeHeniisi TpeHA3. 

t TeKyiAee spewn wexaHMHecKoro 6ypeHMfl, m, 
M npoueccop YBM no MeroAy HaMweHbUJUX 
KBaAparoB onpeAenner ou^eHioi napaMerpoe 

ripkiMeHMTejibHo K ct)Mr2. yKasaHHan 
annpoKCMMBUMH noaBO/iner nonymiTb 
MMcneHHbie snaMeHMSi napaMerpos Vqi m b 
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nepaoM nnacre OAHHaKOBOM 6ypMMOCTM. 

rionyMeHHbie ouohkm m e noAcraBnajoTCfl 
B cooTBercTByKJiAee Hanpfl>KeHMe i^eneBoC^ 
c|>yHia4MM noTepb Ci (aarpaTbi BpeMeHM na Merp 
npoxoAKM) 



Cb -i^lt) G+Jb n<»X> Q-i-t, > •B 
O 1 Z 3 B 



- 1 Z 3^ 



ecnue^O, (3) 



ecjiM 



1 + 



b -i-b G+b n+b Q 
o 1 2 3 



e=0, (4) TAe t bo+biG+b2n+b3Q 

HHTepnOJini^MOHHa^l aaBUCVIMOCTb BpeMeHM 

6ypeHMfl OT napaMBTpoB pe>KiiMa 6ypeHMfl; 



G. n. Q; tB=tp.c 



ycnoBHa^i 



npoAon>KMTejibHOCTb ocTa/ibHbix pa6oT b pei^ce 
Aonora, h; 

h V (1-e"^*) npoxoAKa AO/iOTa. m. 

Ko3ct)4)m^MeHTbi bo, bi, b2, 

b 3 MHTepnOJlflt^MOHHOM SaBMCMMOCTM t f(G.n.Q) 

nonyMSHbi aa panes nocne o6pa6oTKVi 
peaynbTaroB cnnaHnpoBaHHoro Apo6Horo 
npOMGBOACTBeHHoro aKcnepuMenra, 
npoBeAeHHoro b aHanornMHOM naHKe nopoA- ripw 
peajiM3ai4HM ApoSHoro nponaBOAcraeHHoro 
SKcnepHMSHTa. BwOpaHHoro c qejibio 
yMeHbtueHMfl Mucjia onwroB co cpsahmmm 
MHTepBajiaMM aapbupoBaHMH napawerpoB G, n. 
Q, nonyMaercj! nnHewHan aaBucMMOCib. Rpn 
Heo6xoAMMOCTH ysenHMeHUR tomhoctm 

MHTepnOJlflL^MM miM paClLIMpeHMfl MHTepBa/lOB 

BapbupoBaHMfl napawerpoB mo>kho peannaoBarb 
nOJlHblfi npOM3BOACTBeHHblC^ 3KcnepMMeHT. 

nonyHMTb HenvtHef^HyK) aaBucuMocrb t f(G,n.Q) m 
noAcraBMTb ee b Bbipa)KeHMn ahr cpyHKqun 
noTepb (3), (4). 

SaTew npoL^eccopoM YBM onpeAe/iniOTCfl 
onTMManbHbie aHaMSHUfl napaweTpoB pe)KMMa 
6ypeHMfl B nepBOM nnacre OAMHaKOBOw 

CypHMOCTM Gonrl. nomi. QorrrinyTeM ycnOBHOM 

MHHMMM3aL^MM cooTBeiCTByiomevi i^ensBOM 
ct)yHKi4MM (3) nnn (4) oTHocmenbHO nepeweHHbix 
G, n, Q c yMSTOM AByxcropoHHMx orpaHUMeHHV^. 
HaKnaAbiBaeMbix Ha hmx, r.e. pemaeTCfl 3gA3Ma 
MaTeMBTiiMecKoro nporpaMMiipoBaHHSi: 



C,(G. n.Q.Vo; e). 



* mxn 



G<»>s Gs G<»> 
n("L n^ n<^) (5) 

B cwiy HenMHeRHocTM aaBHCMMOCTM 
C i(G,n,Q) yicaaaHHan aaAana HennHej^Horo 
nporpaMMMpoaaHMfi pemaeTcn mctoaom 
uiTpact>Hbix Ct)yHKl^Hf), 

B KaMecree AByxcTopoHHidx orpaHMMeHii^) 
napaMeTpoB pexoiua 6ypeHHn npMHMMaioTCfi 

HM)KHlli^ M BepXHMi;) ypOBHH BapbMpOBaHMfl 

napaMeTpoB G, n. Q b nnaHe 
npokiSBOACTBeHHoro aKcnepwMeHra c yMSTOM 
TexHMMecKMX BoaMQXCHOcTefl M TexHonomMecKoA 
L^ejieooo6pa3HocTM M3MeHeHM$i napaMerpoe. 
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OnTMMa/ibHwe aHaneHun Gonr. ^om^ Qonr ^yflyT 
HaxoflMTbcn BHyrpn o6nacTM AonycTMMbix 
peiueHMt^ jim6o Ha ee rpaHni^e, ecnn 
MMHkiMyM Ci AocTktraeTcn BHe o6jiacTM 
flonycTMMbix peiueHMi^. 

DonyMeHHbie onTMManbHbie aHSMeHMfi 

napawerpOB Gom-I. Honrl. QonrlCpaBHMBaiOTCJI c 

TeKyu^MMM sHaneHMnMii cooTBeTCTByiou^HX 
napaMerpoB, KOTopbie c noMou^bio J1AP 
noAaep;ioiBaK3Tcn nocTonHHbiMM (Ann nepsoro 

MHTepBaJia OAl^HaKOBOf^ OypWMOCTUI pSBHblM 

npoexTHbiM, a Ann cneAyK)iuero MHTepBana 

paBHblMVI OnTklMaXlbHblM 3HaMeHMnM B 

npeAbrAyiueM MHTepsane). vi b cnynae Ha/ikim^si 
paccomacoBaHkin Me)KAy hhmui 
Bbipa6aTbiBaioTcn ynpaanfiioiUHe CMmanbi. 

flucKpeiHbie ynpaannioiuMe CMmanbi, 
cooTBeTCTByfoinne onrnManbHbiM SHaHeHUflM 
napaweipoB Qorrri. noTTTi. Qonri npeoGpaayioTcn 
B aHanoroBbie cumajibi c noMOinbK) l4An 9, 
ycMJiMBaioTCfl c noMoiiibio yyp 10 n noAaioTcw 
Ha BXOAbi JIAP B KanecTBe aaAaiOLi^MX ycraBOK 
Ha perynnpyewbie napaMerpbi. JIAP 
aBTOMaiMMecKM nepecTpanBaercfl c npoejcTHbix 
ycTaeoK na oninManbHbie n noAAep>KviBaKDT 
Aanee nocTonHHWMM saAanHbie eiwy 
OHTMManbHbie SHaMeHMji napawerpOB c 
noMoiubfo BxoA«iMMx B Hero aBTOMaxa noAa^n 
Aonora, asTOMajOB noAAep>KaHM« nocTOAHHbix 
sHaHeHMM MacTOTbi BpaineHMn poTopa m pacxoAa 
6ypoBoro pacTBopa m ncnoriHMTenbHbix 
MexaHM3MOB. B cnyMae npHworo L^Mc})p08oro 
perynMpoBaHM5i YBM Bbipa6aTbiBaeT 
ynpaanfliomHe cumanbi, o6ecneMMBaiou^Me 
ycTpaneHne pa(xx)macx)BaHMfl Me>KAy TeKymnMH 
M onTMManbHbiMM sHaMeHMflMM napaweTpOB G, n, 
Q; 3TM cumanbi nocne npeo6pa30BaHH« b LIAR 
n ycujieHMfl B yyp nocrynaioT HenocpeACTBeHHO 
Ha BXOAbi MM 12 (ropMoa 6ypoBOM /ie6eAKM, 
ABurarenn Ann Bpau^ennfl crona poropa. 
ABuraiejiM 6ypoBb]x HacocoB). 

HsMeHeHne npoeKTHwx (reKyu^Mx) yciaBOK 
Ha napaMeipbi pe>KMMa 6ypeHM« G. n. Q ao 
onTMManbHbix aHaneHnPi HeMHHyeMO OTpaanrcfl 
Ha Be/ikiMMHe CKopocTn npoxoAKM Vc.K. a 
cjieAOBaTefibHO, npuseAer k cKaMKy Vt f(t) b 
nepBOM nnacTe OAnnaKOBOM GypuMOCTM (cm. 
ct)Mr.2). flajibHeMLuee Gypenne b nepaoM rmacre 
OAHHaKOBoft 6ypMMocTM ocyu^ecTBiineTCfl npn 
onrnManbHbDC snaMeHiinx Gomi. "omi. QotttI- 

OAHOBpeMeHHO no HM)KenpMBeAeHHOMy 
a/iropHTMy ycTaHaojiMBaioTcn rpahMUbi CMenbi 
6ypMMOCTM n/iacTOB b npoL^ecce MexaHMHecKoro 
CypeHMH. flnfl aroro HenpepbiBHO npoM3BOAMTC« 
nocrpoeHMe b o6LAeM cnyMae KpiiBOUHHeCtHoro 
TpeHAa Vt f(t) li cooTBeicTByioinero ewy 
AOBepmenbHoro WHTepBana (Ha ct)Mr.2 noKaaan 

LUTpidX-nyHKTMpHblMH JlMHkinMM). flpM BblXOAe Ha 

BepxHioK> wvA HMJKHiolo ppaHMuy 
AOBepMTenbHoro liHrepBana nocjieAOBarejibHo 
k 3HaMeHM« Vc.K(HanpMMep, k 4) nepsA nepsbiM 
M3 HMX OT^MBaeTcn rpaHHua cweHbi ©ypuMocTM 
nnacTOB nopoA m no rawMepy YBM c})i<iKCMpyeTcn 
cooTBercTByioinMM eiwy mombht tiBbixoAa m3 
nepBoro nnacra OAnnaKOBOM 6ypMMocTi/i nopoA- 
SnaMeHvie ti paBHO MMcrowy BpeweHU 
MexaHMMecKoro 6yp8HMfl b nepsoM nnacre 

OAMHaKOBOft eypMMOCTVI. CicaMOK CKOpOCTM 
npOXOAKM Vt B MOMGHT t-|, CBflSaHHblM C BbDCOAOM 

M3 nepBoro nnacra OAnnaKOBoii 6ypMMOCTM 
nopOA, noKaaaH Ha (pvir. 2. 

An5t nepBoro nnacra Ha nesarb BbiAaiorcn 
anaMeHMfi h^. ti m r/iy6MHa, onpeA^JineMan no 
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ctJopwyjie 

L L„ + hi, (6) TAe L my6MHa CKBaxMHbi, na 
KOTopoR npoM30tiina CMeHa 6ypMMOcTti nopoA, 
m; 

Lh rjiy6viHa CKBa}KtiHbi Ha HaMano 
MexaHMMecKoro SypeHun, m; 

hi Moii^HocTb nepBoro nnacra OAMHaxoBof^ 
6ypMMocrM, KOTopafi onpeAe/inerc^i 
cyMMkipoBaHMeM oCu^ero MHcna aHaHeHki^ hK b 
nepBOM njiacre. m. 

AnanorviMHa^i nocneAoearejibHOcrb 
Aei^CTBMM noBropnercfl An« sroporo. rperbero n 
r. A nnacroB oAnnaKOBow 6ypnMocrM. 
HeKoropoe or/iUMne cocrokir nrnub b row. nro 
npn 6ypeHHH so BropoM nnacre 
KoppeKTupyiorcfl He npoeicrHbre. a onrnManbHbie 
aHaMSHMfl napawerpoB G. n, Q, ycraHoaneHHbie 
B nepBOM nnacre. a npn eypenuM b rpeibeM 
ycraHOBJieHHbie so BTopoM nnacre m t.a- 

B i-M nnacre oAnnaKOBoW 6ypMMOCTM 
MaMeneHMe BbimeonncaHHOM 
nocneAOBarenbHocru Aei^crBUM cocroMT b row, 
Mro npn AOcrM>KeHMH aaAannoro BpeMenn 
crarncTMMecKoro npomoanpoBaHUfl Mowenra 
noAbeMa Aonora tnp 3 Bce HaKonnennbie b i-M 
nnacre aHaseHnyi V c.k nocne onruMMaai^MM 
napaMerpoB G, n. Q annpoKCMMMpyiOTCW 
3KcnoHeHL^tianbHOjt aaBUCMMOCTbio (2) m 
onpeAenflercfl AOBepMTenbHbiR HHTepBan. 
noKaaaHHbi^) Ha ct>Mr.2 ujTpMx-nyHicrkipHbiMki 
niiHvi;iMM. OL^eneHHbie no MeroAy HaMMeHbLui>ix 
KBaAparoB HMcneHHue SHaMeHun 
napaMerpoB Vq; vi 6j noAcraBn^iiorcfl b 4x)pMyny 
(7) M onpeAensercfl onrMManbHoe npomosHoe 
BpeMn MexaHMMecKoro 6ypeHMn t 
onrkiManbHoe c xomkm apeHi^in Mun^MyMa 
ce6ecroMMOcrM 1 m npoxoAKM b i-m nnacre; 
npomoakipyeMoe b npeAnono>KeHHi4, Mro 
6ypMMOcrb nopoA i-ro nnacra ne naMeHnrcn ao 
Mowenra noAT^ewa Aonora aha aaMeHbi (Ha 
ct>nr.2 nporHoa-rpeHAa Vii f(t) not^iaan 



QJrpMXOBOM 



nnHnefi). 



X.*H. , •0»V . 

4.-1. oa 

. (7) FAe Hj-i cyMMa MOiUHOcreft Bcex nnacroB 
OAMHaxoBoCI SypuMOCTM (1 ,2,i-1 ), 

npeAUiecrByioLi^MX i-My nnaciy. b KoropoM 
ocyu^ecranHercn b AaHHoe apeM^i 
MexaHMMecKoe 6ypeHvie; 

Tj.! cyMMa MMcroro BpeMeHU wexaHMMecKoro 
6ypeHMfi Bcex nnacroB oAnnaKOBOw eypuMOcrw 
(1,2,1-1). npeAiuecrayiomMx i-My nnacry, b 
KoropoM ocymecrBnnercji b AaHHoe BpeM^i 
MexaHMMecKoe 6ypeHMe. 

OnrnManbHoe npomoaHoe apeMn 
MexaHMMecKoro 6ypeHii$i b uenoM An$i pej^ca 
Aonora onpeAenflercw no cfK^pwyne: 



(8) 



□pMBeAeHHafl cJxjpMyna (8) noasonjier 
ocymecrsMTb roMeHHbiM npomoa onrnManbHoro 
BpeweHM MexaHMMecKoro 6ypeHMn b peCice 
Aonora. fln« 6ypeHMn 5Ke BcneACTBue Bbicoxovi 
BapnaSenbHocrM (kiaMeHMMBOcru) V^jt bo 
BpeMeHM HeoOxoAUM MHrepaanbHwi^ npomoa. 
flaHHbiii npomoa Aenaercji c kicnonbaoaaHiieM 
BenMMMHw craHAaprHoro orxnoHeHUfl, 
onpeAenneMoro no cjiopMyne (21) waMepeHHbix 
aHaMeHMM Vck b i-M nnacre OAMHaxoBOM 
eypuMocTM ornocMrenbHO rpeHA9 Vi f(t). 
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CjieAOBaTenbHO. HHTepeanbHbiPi npomoa 
onTMManbHoro BpeMewn MexaHMHecKoro 
6ypeHkifi b peMce Aonora npoki3BOAMTC5i no 
ctx>pMyjie 



e. (9) W e t 



UJMpHHa 



8^ 



AOBepnTejibHoro nHxepBana Ann tonri 

b KBBHTHJib pacnpeAeneHna CrbioAeHTa npw 

AOBepktrenbHOM BeponTHOcru; 
Y= 0.80-0.90. 

B nonyMeHHOM no cfopMyne (9) HHTepsane 
BpeweHU AOCTuraercn MUHUMyw ceSecTOMMOCTH 
1 M npoxoAKM B peC^ce AOiio^a, a nosTowy 
AonoTO cjieAyer noAHMMarb atia aaivieHbi. O 
BXOKAeHMM B onTMMaiibHbiC^ HHTepBan BpeweHM 
MexaHMHecKoro 6ypeHMn cumariMaHpyeT 
CBeroBoti nM6o SByKOBOw CMman, noAaBaeMbifl 
no KOMaHAe YBM. 

no MCTeMeHMM tnp.3 B03M0)KH0 ROflBJieHMe 

OMepeAHoW (1+1) rpaHMi^bi cweHbi 6ypMMOCTM 
nopoA, a, cooTBercTBeHHO, (1+1 Ko nnacra 

OAHHaKOBOC) 6ypMMOCTM. OTCK)Aa BbinOJIHeHHbli) 

CTaTMCTi^Meciaii) npomoa tonr b pevice japnora 
noAne>ioiT yroMHeHMio c yneTOM (i+1)-ro nnacra. 

Ann dToro b (i-i-1)-M nnacre OA^HaKOBott 
6ypvtMOGTM HaicanjiMBaeTcn orpaHHHeHHoe MMcno 
M3MepeHMR (HanpMMep. 5). a aareu 3tm 
AaHHbie annpoKCMMHpyioTcn 3KcnoHeHL4MaJibHOit 
aaBMCMMOCTbio (2) c onpeAeneHMSM 
AOBepMTejibHoro MHrepeana. 

BHOBb no/iyneHMbie OLieHKM 

Voi-i-1 n McnojibayioTCfl aHanorwMHO 

npeAWAyiMewy HHTepBany Ann 
onpeAexreHMJi tonr* (cm. ct>Mr.2), a 2^ ^ cboio 

onx 

OMepeAb Ann BbinonHeHi/in yroHHeHHoro 
kiHTepBanbHoro npomoaa t^nr* b pef^ce AOJiora 
no ct)opMyjie 



e , M, (10) TAe tonr* yroMHeHHoe 



ORT 

onTMManbHoe Bpeivin MexaHimecKoro 6ypeHMn b 
peMce Aonora. m; 

e* craHAapTHoe oncnoHeHne sHaMeHUM 
VcK OT TpeHAa Vh>-| f(t)b(i+1)-M nnacre 
OAMHaKOBoC^ 6ypMMocTM, nepecHHTaHHoe Ha 
apryiMeHT 1, w. 

B oSu^eM cnyMae. pacx^MorpeHHbix 

yrOMHeHMft tonr B peMCG AOJlOTa MO>KeT 6blTb 

HecKOJibKO (Ka^KAbiC^ pas npw nepexoA© k HOBOMy 
MHTepBany OAHHaKOBoJ^ eypuMocru). a aro 
aHamirenbHo noBbiLuaer TOHHocrb onpeAeneHMn 
MOMeHTa noA^bewa Ao/iora An« aaMSHbi npn 
pasGypMBaHHM nepeMe^atoiunxcn no 6ypMMocTM 
nopoA- 

OnucaHHbiM onoco6 peryjinpoBaHun 
npouecca 6yp)eHMfl noaBOJiner BbiAejinTb 
OAHopoAHbie no SypMMocTM nnacTbi n 
nponnacTKi/i nopoA, ycra Has/in Barb Ann 
pa36ypMBaHPin Ka>KAoro nnacia onrnManbHoe 
coMeraHkie G. n m Q, a no ncTeseHMn saAaHHoro 
BpeMGHM 6ypeHnn lnp.3 onpeAennrb m yroMRnrb 
MOMeHT noAbeMa AOJioia Ann aaMeHw. mto 
npMBOAMT K yBennMeHMKJ npoxoAKVi Ha 40-45% 
coKpaL4eHMK> cpoKOB crpom-ejibCTBa CKBaxoiH na 
30-35% H CHV«KeHMK) CTOMMOCTM GypoBbix pa6oT 
Ha 25-35% 

AnropMTM ycraHOBneHun rpanviLt cwenbi 
6ypMMOCTM njiacTOB b npoi^ecce MexaHMMecKoro 
OypeHnn. 

B paapaCoraHHOM anropnTMe ncnonbsoBaH 
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BMAOH3MeHeHHbiM MOTOA OKcnoHGHmianbHoro 
cma>KMBaHnn wexaHUMecKOM cKopociM npoxoAKvi 
BO Bpewn eypGHnn. 

Ann annpoKCHMauMM HaKonneHHbtx aHaMeHnPi 
VcK McnojibaoBana MasecTHan MareMarMMecKan 

aaBMCMMOCTb (2). 

flocne norapiic|}MkipoBaH(ifl aaBHCbiMOCTb (2) 
Moxoio npeACTaBMTb b eiiAe 

Y a + b • I. (11) FAe Y InVi. a InVo, b e. 
l^cxoAHbiMvi AaHHbiMM nBnnioTcn 

SHaMeHMn Ve xl. Vc ,c2 VcKi n T.A- 

CymHocTb anropnTMa coctomt b 
cneAyiou^eM. 

flnn nepsbjx m Ha6jiKDAeHMM (m > 4) 
MeroAOM HakiMeHbUikix KsaAparoB 

onpeAe/inioTcn napaMerpbi ypaBHeHwn 

bo n* m n 



t y - 
J «l 



t 

J 



n 



ao n 



TAe yplnV 



DpoMSBOAnTCfl onpsAeneHMfl no cpopMyne 
(11) 

- =a„*b„.ti.j=j-^.(13) 

J 

OnpeAennercn cpeAHee KBaAparnMecKoe 
OTKnoHeHMe Yj ox Tpe^Aa ^ 




napaMerpw a,, m b^ Mcnonfc>3yioTcn sareu 
Ann onpeAejieHun HaMajibHbix ycnoeuft 
3KcnoHeHi4ManbHbix cpeAHMX nepsoro m BToporo 
nopnAKOB no cJxjpwynaM 

^i)=ao + x-dbo: (15) 
of 

3o^^=ao-2 i-d bo. (16) TAe a 0.3 napawerp 
* d * 

3KcnoHeHi4ManbHoro cmaxcviBaHMn; 

3o^^^ HaHajibHoe ycnosMe Ann 
oKcnoHeHLtManbHOM cpeAHew nepBoro nopnAKa; 
TO >Ke, BToporo nopnAKa. 

jqnn Ka)KAoro nopnAKOBoro Howepa 
M3MepeHMM Vciq, j ^ ^^^^Z onpeAejinioTcn 

3HaMeHiin dKcnoHeHi^ManbHbix cpeAHHX no 
peKypeHTHOM <t>opMyne 

3|<*^ a • a/'^ - + (1 a - 3j - i<'^> (17) npn K 
1 . K 2, :^t°> InVcjq. TAe N > m nopnAKOBbiK HOMep 
nocneAHero MSMeHeHMn V^k; 

3j^^) 9KcnoHeHi4kianbHan cpeAHnn nepBoro 
nopnAKa; 

3j^^ sKcnoHeHL^Ma/ibHan cpeAHnn BToporo 
nopnAKa. 

Ha Ka>KAOM j Luare M3MepeHvivi 
Vcjt napaMerpbi Bbipa>KeHvin (11) 
nepecHHTbiBaioTcn. a HOBbie oi^eHioi iix 
onpeAPnnioTcn no ctx>pMyjiaM 
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aj2 9j<l>-3j<2)(i8) 



J^-^>-3c2>^ . (19) rfle a= 0.3, 



1-4 J J 



j s m, a 1 npn j > m. 

OnpeAejinercn cma>KeHHoe aHaneHkie 
jiorapMct)Ma cpeAHei^ aa luar MexaHMMecKoro 
KaporasKB ckopocth 6ypeHi45i 

Y'j"^^ Bj + bj tj, (20) a aareiM cmajKeHHoe 

SHBMeHMe 

V'^'^ + i exp(Y'i^^). 

Ha Ka>KAOM Luare npoLtecca crna>KHBaHMfl 
BbiMMcnfleTcn craHAapTHan oiuMSKa npomoaa 
S p no ct»pMyjie 



cz-cr> V 



l»4»«l-d>+5<l-d>^*2tf<4-3d>lj*Z<f^t.^J 

.(21) 

rAe npi/i J + 1 ^ m npuHMMaercn a 0,3, a 
BejiMMMHa Sy onpeAenwercH no <t)opiwryjie (14); 
npM j+1 > m npHHMMaercw a 0,1, a Sy+Sy* 
paccMarpMBaeTc;! KaK cpeAHee KBaApaninecKoe 
oTKJiOHeHMe OT nepeMeHHOM 

AeTepMMHMpOBaHHOH OCHOBbI 3aBMCMMOCTM (2) II 

onpeAejiflercfl no cpopMyne 

..(22) 

= Z ^ 
J=2 

VcraHaBJiiiBaioTCfl rpaHMUbi AoeepHrenbHoro 
MHTepsana 

Yj-i-i* t> • Sp, (23) rAe b onpeAennercn b 
cooTBercTBuiM c aaKOHOM pacnpeAeiieHMsi 
CTbK>AeHTa npM Bbi6paHHoi;i BeponTHocTii 

y= 0.80-0.90. 

npoBepjieTCH npMHaAne>KHOCTb 
oMnwpMMecKoro sHaneHMn Y j+i nocrpoeHHOMy 
AOBepnTenbHOMy HHTepea/iy 

Yj^r t Sp < Yj^i < Yj^i* + t Sp. (24) 

r r 
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EcjiM MeTwpe sMnnpuHecKnx aHaneHMn Yj+i, 
Yj+2. Yj+4nocneA0BaTejibHO BbixoAflT aa 
npsA^Jibj nocrpoeHHoro AOBepkire/ibHoro 
HHTepaana, to nepeA nepBbiM 113 hmx 
Yj+i 4)MKCMpyeTC5i rpaHMua CMeHbi 6ypMMOCTM 
nopoA. 

OopMyna M3o5peTeHM«: 

CnOCOB PEryjlHPOBAHH5R nPOLtECCA 
BYPEHUH, ocHOBaHHbii^ wa aaAannn ycrasoK 
pe>KMMa 6ypeHM;i, BpeweHu craTHCTHMecKoro 
npomoaMpoBaHMfl MOMeHia noA^beMa AOJiora. 
naMepeHMn MexaHviHecKoi^ CKopocTM npoxoAKM m 
BpeweHM 6ypeHviH, noAAep>»<aHHM aaAaHHoro 
aHaMeHMfl HarpyaKu Ha aojioto h »HacTOTbi ero 
Bpau^GHMfl AO MOMeHxa noAi>eMa Aonora, 

OTJlMMaKDmUMCJl TeM. MTO. C l^e/lbK) ROBWliieHMfl 

34)4>®KTMBHOCTM npoi^GCca 5ypeHMH B 
HeoAHopoAHbix no 6ypMMOCTn nnacrax nyrew 
yeejiMMeHUfl tomhoctm onpeAe/ieHUfl MoweHra 
noAbewa ppnax^ m onepaTHBHOCTH 
KoppeKTMpoBaHkin napauerpoB pe>KviMa 
6ypeHMfl, ycTaHaBJinBaioT rpaHni^bi cweHbi 
6ypMMOCTn anacTOB, Ann Ka>KAoro njiacra 
OAMHaKOBot^ 6ypMMOCTM onpeAS/i^ifOT, aaAaiOT m 
noAAep>KMBaK)T onTMManbHbie ycrasKH Harpy aKW 
Ha aojioto. HacTOTbi ero Bpau;eHHfl n pacxoAa 
6ypoBoro pacTBopa n onpeAejiflioT 
onTMManbHoe Bpewn MexanvmecKoro 6ypeHMn b 
nojiHOM pewce AonoTa no c|>opMyjie 



t -T +t 

OHT X-X C 



PAe 



cyMMa 
6ypeHn« 



MMCToro BpeiweHM 



MexaHUMBCKoro bypennw Bcex nnacTOB 
OAHHaKOBot^ 6ypMMOCTM, npeAiuecTByiou^MX i-wy 
nnacTy, b KOTopoM ocyu^ecTBrineTCR b AaHHoe 
BpeMfl MexaHMMecKoe 6ypeHMe; 

t -onTi4ManbHoe npomoaHoe BpeMfl 

X 

MexaHMHecKoro 6ypeHkin b i-M njiacTe. 

MCTeMeHUe KOTOporO ABTIfleTCH MOMeHTOM 

noAbeua AOJioTa Ann saueHbi. 
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